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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
characteristics of a reflecting electrode of a P-type 
nitride semiconductor. 

SOLUTION: A silver layer 101 is arranged on a P-type 
nitride semiconductor layer. The silver layer is set 
thicker than 20 nm, so as to act as both a reflecting P- 
electrode and a reflecting layer of a short wavelength 
light. It is preferable that the silver layer be covered with 
a stabilizing layer of metal or dielectric, in order to 
improve mechanical and electrical characteristics of 
silver. It is possible that the stabilizing layer is provided 
with a metal layer 103 for circuit connection, and a 
diffusion preventing layer 102 which is interposed and 
inserted between the metal layer and the silver layer, 
the diffusion to silver of which is small and which 
prevents the diffusion of the metal layer to silver, in 
order to improve reflectivity. An LED(light-emitting 
diode) having the P-electrode can obtain more benefit of 
high reflectivity of the P-electrode. when mounting is 

performed on a package 1 10 by using a flip-chip method, so as to generate light from a 
substrate side. 
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02*ii^Ly^^-->yLrTi02®5 2$J^^L (XS 

3 8 1). STi02B5 2(C7P>x-r >y^a)^JSmffi5 

1 a±SB(D:M:^/^^— ^>^Lrj^^Lfca)*»m3iHj@ 

CDT-— ;U (T--;U3) ^feCJfeofc (Xg3 8 

■ Ka alzutyfl-it. ;t?>^'< :^y'7-<-V'*ESL 

(Xg3 9) „ 

[0 0 3 9] Ti02®5 2 *^t^^l§$, 5 1 (D^^ 

t»-7T-rTSffi2co;:gSA<f^--c 

Ur. Si02. Al203>S:<^:t»aS*<S&^3!i<Ti02a5 2 3b<g 



[0 0 4 0] S2(Dlli£^(DL ED^*v::^ii-?-<^aff® 
35i^tt36<iai 5<D^— :^i 5 1 *^:(5i:^t*f53l:-efcy. 

la^ClSSitWLfcO-efflJiS 1 3&M0nro-eTiO2ll5 2 ;b<25 
nn)CO<h^. — »:;^;UJi(7)iS^. — *y niiiit^ 8 nrnO) 

2ilK"eia2a)iia5 1 i:Ti02Jl5 2i:Sa»Lfcti£3fc 
m^\Z^^VES> (LED-P)ICj±><'>fd:< ttl.4fgVU.±<D3a 

[004 1] -:^^mmm^^^^mt^SiUi3iELmmt 
L r a tg-r ^ p a® * m^-e ^ ^ c t * M m L 0j 0) 

■C*%flJT*fc-5o *-r@8S#RSLrffi7b<SI^*<D^L> 

[0 0 4 2] iaa(c(±:b'^xic||^LfcKJ?ioonniCD«- 

-So !ll8lcfca^r, /3— :^8 OfiSSJl. ±1 — 

7^8 1 [*y<^v't?Ali. :^8 2i*S^as i2~z^a 
3ii-*:;^;i.®. ::r8 4fi^li. * — ::5^8 5i*r;u 
5-'t7AM. 3J^8 6li^nAS. z^8 7(i^5i 

>®CD«-SI^**SLTt^-&o GaN^LEDCDtti:tl3fe-efc^ 
[0 0 4 3] *f=. pmffii: Lr;J--5 ^v^S^^J^^ 

|clt;ScLT^bA^^i:S^itt*^■r;Ii:l*■e#*t^ - 

[0 0 4 4] Wmm\Z^l^X^ ^S470nma)ife(C^-r5 

50nm#5fiT*ffllQ-rSo p mffil::?^ LT a^^Satt 

-5C<h;!i<*:)A^'5o ^a)a*50nniiaJii:-miS'>'S: 

CD L riS 0 1 0) <D Sit ¥36^4i t> 4x I ^StH 

[0 0 4 5] tl±CO^Si:ISJi;&<pS^<kia¥«»-tl=: 



i^gl^l 1 -1 8 6 5 9 8 



[0O4 6] 01 Oir(*2»;:^^(7)m3. m4<D^SSe\ia) 
LED^v:^1 O OA (HI OCD (A) ) tLtXi'^V':f^ O 
OB (01 OCO (B) ) (7)ffif®3&^^$*^Tl^^o ^tl- 

2 ^(i»J<75j80-«S«*ffit^xtiJ:l^ m^ ol:lfcl^-ci2 

2<DLED2 0|ZfcltS<t[^filOatl. tttl^^S^-^SP 
5^^lcl*H2^cfcl-J■-5i:f^l:#^S■^;^^^t^*tl■CU^§o 
.^j^_^;8 S[6it^LED5^*:;:^1 o 0 (DffliliLED 2 O 

[0 0 4 7] ^zomMmo^i.B^^f'vy^ ooAi^pm 

ei*<ffi®1 0 1 (S^IOOnrn) it Si O 3 A<D^*^ 
L. -t:h.b^J®^I^J2;SkRaitSl O 2 *=&L)Sl^LED^ 
-;7^2 0"e&^o SI O3A;6^0SH1 O 1 (DSS^bJfC 
fcyiBSl O 1 (DSM^$^T*1±«:t^^B'^l§at*'^' 

LED^^^fl O 0AA<K® (* Alto's ^®1 0 3A*ffil^ 

tLTJ^jS-r^Xg ([2l3CDXg3 6) ^i^tfsatx 
^(d:m2CDllS£Ml::telt'5><ti^*ilwXg3 1 3EiNt»xe3 
8. Xg3 8 1 -Xg3 8 Z^^^XLB>^vZf^ O O A 

[0048] * P,(:iLED^*:/:/l 00 A(*Xg3 8 2A^ 
8l*a^</501 2|cIHK(7>Xg3 9 1 {Z^^TLTfflS-h 

LLED^-y::^1 OOA36^IISX*#«>ttSS<!:'5:^ (131 1 
(D (A) ) o :23^icLED^*:/:^c7):7«j • 7t?>5^ 

-<>y*j3C^i:5o LED5^*:/:^i ooa^Ox- 

LK'!7x-/\*;^^^< fVyiCcfcoTI 01 OCDLED 

1 o o Afc^i^SJUfc (xg3 9 2) « ^fc. 0i 

1 <D (B) |Z^-rc^5fC/<'V^-v?1 1 8(7)^^ • 
KJiO^'J— KSIl 1 8aJ:(C. -f >i?'^7A^(Dglfi^^ 
SA^t)^'^)V^>:^1 1 8 b *Jl^fi£Lfc (Xg3 9 3) » 

g^lcLED^^v^i 00 A vi 1 a^^ttfi 
^t^-^LT. JdOfR- JraffL-C7H>5=-<>^affil 1 6i: 
/^>-?1 1 SbtSli^LlSl 1 <7) (C) lIlTR-rLEDI 1 

oA<^t>^^fc (xg3 9 4) o ^'y:^«a^(Ofcd^>!&S 

ICfSC-CLEDI 1 0SSfli^±L-Ct<fcl^o JSJSJiIELED 

=^-J^^ o o AirLEDsaojaaitxs-ecDT-— >Kr-p 



Sij§xgicfctvrm2®i 0 2*^<iS^iti^i:*<n 

T?. CCT?I*i^>t?Sl^o ^fc. »1 0 3 A/t^^H-efc+t 

[0 0 4 9] :»:^^(DS4(Dlll£e9<DLED^*y :?i o o 
B4,@30[)Xg3 5 ^-eSSifi UtcLEDSP*f 
01 2lzIBK<7>Xg* JPK.^c:itT3^/ac*^x5o xgs 

6 AlC^3l^TliH1 O 1 fflJS 1 O 1 S20nmmJl. ®4<0 
USEWettlOOnmai^L. Xg3 7 1 (llfeLNT- 
(OffiSScSaihS 1 O 2 *l¥*300nni^-OSSSLfco fcycLL 

EDSP*t(DT--;n*^3c**5>si^o afifcRaihsi 02 
li. ig^^-eii>Si^*^ fflJii 0 1 (7)li®*t,fiL^pJl5 
irttilcKIS® 1 o 1 *§tih-r^<fc5l3Ltco *I::Ie!^ 
SIKffl^®* CC-eii^S50nroJl^r*SSSLfc (Xg3 
72)0 nm«7l*nJi3±lZ^^>® (iSSlOnm) S 

AH (J?$200nm) ^SftSLXf^JSLfc (Xg3 8) o 

5 ^ 1$ ^ ^= i^*'^ 7 --;n*S9iHa 3 
<7)Xg-eOT--;u2 tl^Si::. 36ffi^S4 5 0°c. a 
o5i^3IJ£Lfc (Xg3 8) o 

[o o 5 o] 5feicxg3 7 3i*«B&Lritr^coxg3 9 

1 (C=^^tLT^®1 0 3i:nmffi7±(C7t?— ;U7t?>7^^ 

6*5^^LLED5^'V3^1 0 0 ^t'^n^X'^hM^l^tiS^^ 
(01 1 <D (A) ) o *(C±|Hm3CD|IJ£0llT?LED^*y 
:^1 O O A^coL^-Cfcc>5:ofc^:p]fill::. Xg3 9 2- 
Xg3 9 4lCj;yLED5^*:/:^1 O OB*/^*y^— Vl 1 

(Ofc^i^m^iSCTLEDI 1 0$:Sfil*titL-"^*'«*^^^o 

[00 5 1 ] i^mm%^<nmMm^1^l''xm^m^ o -i 
±:icitl*IK^^*t^7t<>T=-<><^affii 1 e^hur^JS 
^^/<>::^me*ff^r5t^«^aSfciwj:yffiHi i o 

[0 0 5 2] -r^c*?*. pa«a)3®aigttmi ® 1 01 
o!5Su^*t». m2®i o 2i*axg-e(Dmi S^<D^® 

LT. m3®1 O 3li7tC>^-<>'y^/^>:^?^^*^^ 

fc«^l::ot^r01 3 Sffli>rift^-rSo 

[0 0 5 3] 01 3l*pmffii^^2JiC0j&3ltt*Stl^"?* 

5^ :^3-':?i 3 1 lipaSirLTffllll O 1 S^SL/c 
2 ttStSfcfiiitH 1 0 2i:LTm2Ji(;)--yyjU«i*S 1 



(9) 



l^m^ 1 1-1 8 6 5 9 8 



si6fiL*c^ia/i 1 o 1 (t*® 1 0 3 05— s^jf^o^r 

[0 0 5 4] Jif52®«at-eii. JHCj:oT^A<. 

3 2) lcot^rli. T--;uat»ai**<^^'>i*5%ea 

tLxmmL. mssi o 3(D^A«mi ® i o i -efc-s 
$saL*>r-f i/^tts-^'^i'atti:: Lfz^m^<r>m^ 

[O O 5 51 4, [31 5*SL^T*f£e^a)m4 

^D|IS£0^Jlz■^L^T* t>l3:KP^-r^o IS! i 4tt. *J^BJ(0 
S4CDieffiWlC^-&LED(r>tt3:^AC0^3t!Sai 4 1 

^^b^emmiiS: (au)-eJ±gt:^p*:; h Lfc^itDT'fc^o 

I*, *f|3^<Dm4<Dlll£fflJlCct^LED(D^lliaffi1 5 1 

i:tjSe3|5(DLED<7)l^iftmEl 5 2 a)A:^m5Sl::^-r -S^^b 

[0056] ISl 4, lai 5*^b0^bA^?S<fc5l-. 
^(Om 4 (;)|IS£«l|<0LED(±«e*(7)LED(Zi±S LT«I 2 fSS^ 

3®1 0 3 *^Ji3fi^bT;U5— '!?AS<t L-C*j[^fi|(OS!l 
SSif-S-^t/i^-TJ^'So ^fz. fflJil 0 1<0±ICS2® 
1 o 2^*l£ltfccDT'iSJlcoSSS;b^lgL. ^+i.;Ei^*t^ 

ig^icitKL^s 1 0 1 (DmmmfSimizm^T^&i: ^ y 
L^^iSSS^ y;gilicT'^^iSii^f*J-e&So 

■eft<. ^®i oi<7)ffl«fi*i. ame^j^^ttSiPi-tt-^fc 

Aft)CO^JSSS^b® t U r t L T l^ ^ ^ L l^o 
[0 0 5 7] ^fz. ^2®1 02-V>S3Ji1 O 3 1*^*1 

■e*Lt><D®ffiWffiA<yict3fcyi^--efc^i»st>St>o 
m2ai o 2SSs^bH<t Lxo^mm^-^i^mitmt 

3b<!^ic^,i:tf)t,*i5„ ^2® 1 02$ffl»Eil:ai: LT 

t<ib^o m3(Dmmm\z^i^xm2m^ 02$^<(^* 
t^m 3 s 1 o 3 {t^&mmzmri>t 1 1 izmm ^ o o 



[0 0 5 8] m^mx&imm^ 01^^(7)^ 2 jii 02 

-^^SJll o 3a)^ScDS£tfcliS;Sr-— ;u*fTo-ci^ 

( 1 ) Xg 3 7 2 Lm 4 <;)||J6«-eii«t5S LfcX 

m3 1 3(ciit^TiHi^i*jSffl*aaaa)Si7S*fcc* 
cc7)a^x^3 7 2-etec?Sofc.fcy i^3S$i5 

■r^^tSsHi o 3<Dffi»ii«ar>T'>J5:<>Sy . ffiJli 

0 1 OSIt^O^STA^d?* < ft y L E D(753t*fftt>*> 

1 O 2<7)SiP36<A^XS3 8<Dr— — ;u2<D*'eK^bf ^ 

ft if <7)m 3 ja ^ <z)«sttsaft 5 ^^b i: ft l^ <t a 

lia L ft It+ir^ft b ft l^o ^<7) 5 ftS^b Cfcf^ fe 
uMi. s-fbLfcS®cD(^^:^p-b;^*3llinLTt<fet^o 
(2) ^fc. ±IBaM03E^blc^^SStt(DM1bSe3S 
f^fc^. Xg3 7 1 itXgS 7 3 i:$IIJ£L. xm3 
7 2-eiiS3ji 1 O 3 *^4(7)|iJSWC?(DXS3 7 1 d 

fcit-5<fcy»<^^L. x^3 7 3-c?iiia^ipcom3®is 

g$fcCfta<fc5lCLT*J:l^o 
[0 0 5 9] Jil5m3-m5 0|IS£«tl-eiiXS3 7 1 \Z 

i3it-5T-— ;n 1 *^TorL^ftl^*<xews^cz)@a«l 
■e^r-— 1 $fccft^rxg3 7 1 *-c<7>xs$- 

^fcLEDgiJ«a)a>5fCD;'aiS*feZfto.Tt<fcL^o ±f5B 

3-m5<DllSS^-ett:7 y »v:^5^*:/:^«at*«t itfcib. 
y 7 ^ ft it* A^tu ^ a :^fRj (i^fi-t^-^ * < * 

LED^*:;^;5^t,m=5Xyt±H±i>o pSffic^.^Sl 
O 1 (DSIt*A^^t^fci^)*^l^*C^?5jydi L3a^*S*> 
t»:h.'5<tl^B#l^. LED^*:/:^a)-aMa3t;6«fSfB&^bL. -5*^ 

^ ■ K<7>si^**Jjaft>^fca^)<^^®ti2^^tftofc 

d^)LEDaa(^«it*ffiBS^b-C^. ax hSSiJM-e^^o 
[0 0 6 0] |iII5m2CD|ISSeil(7)LED^*y:^fC 

fct^X^® 5 1 a>Ji:$$20nni<i:yii:< L. SLED^^'v:^ 
Hffiff^COLEDi: f^«ftLEDffi{5&/)^*^^C0m 6 <I>^W^\<n 

LEDltLT^#t.4^^o ^y • 7H>T^-< 

> -if s -r s fc a^!) a> > 7^ ^ > ^ a a i: ^ > O A ^ <D <£ 

[006 1 ] Jil±^:%Pja>l?Sfi0«(::oLxrS£0^LfcA<, 
^:^^l*IISfiff«l::KS$+t^%cOT*(±ft<. 
Abi&m $j3Cft-3rJ:y^'<(7) S^=-SSlCfSffi T? ^ S *i 

r*«M(0^filftllSS--a)##lcfitLfcl\ 
[0 0 6 2] (USSSSfill) : SffiitSSffi-tCOnliM 

WM^n^mt. n^^^b«i4^*<*a±coS<b1fei^S{* 



(10) 



$118^1 1 -1 8 6 5 9 8 



[0 0 6 3] immmmz) : itrisissossics^s 
mm 1 i^isea)LEDSPtto 

[0 0 6 4] (,^mmms) :ttit&nmmitm^m{^m 

K^ledSUWo 

;6^t)altt<DS®A<^36'5l^(iT;US— '^?AC0ffl5^*^■'r 
^ Z it * i^a i: -r -sussfis^i s fzissajLEDgss-o 

JB^6(Cl5«CDLEDgP«o 

[0 0 6 5] (HJSSIflls) : ItrlHlilfi&seiS^®^®: 

:i t S!^m<h-r -51186®^ 8 icfESa)LEDap«'o 

(llS6l8flli 2) : itrlH7t-c>T-f >ym«l>^>^^^^>:^•C' 
t^^lE/ < ^— V U — K«l-t<^ -f > V :x — ASiSia ^ ^ 

H t> « ^ / ^ :^ L r I ^ ^ c: <!: s t -r 

«>IISSJSfill 1 (ClB«(DLEDSfno 
[0067] (^SSfiSfill 3) : LEDSPW^J^Sc-r^fc 

^bJl^Si^-r-Sxet. *^t;LEDSB«(7>a3g:^^o 

[ o o 6 8 ] immmm 14): itrfaffis^b(i;&<»a«: 



So 

5 lzIEK<7)LEDfi?«<7)lli^ 

[0 0 6 9] {mmmmM} itat&nmmim^m^ 
m±t mtd^mm * ^ l^fil^IH^H±l=:iHl»sfi!^^s 

1 6 <ol^■r*^*McIBaa>LEDSP«<oa^5t^r^o 

^s^^mir-r^iiSESifiii 8 friaea)LED«e*t(DS3e* 

[007 0] (iiJ6«8« 20) : ftriaiHiaffiJSffl^s^ 
^(zTfOT-f >ym«si£iti»xgsi&jtoLfczt**s 
isir-r^nssBiii 7-iijfiffifiii 9 [cia«(;)LEDfiBtt 

CIISil§^S2 2) : 1?IIB^fil**lfcLED5^*v:^*:7'J 'V 

•^"f-v-f ' 7K>^-f >^-r^xg$3ljtaUT^'5IISfiffi 

fi|2 1 |Zie®<DLEDS!t«°n<OSit^*o 
[00 7 1 ]'^(SIJSSS«2 3) :,t&fBn^S^b!tel^3!t* 

w^^^^-r^xgirS^sfs^EfT^KSi ajLEDSu^rs 
2 o o°cjU-t-er— — ;uf ^x^Jt*iiijpLT^5ilS£ 

OlSfiSSfil2 4) : |tria^®S(cm2(7)iiiKi*«gffl^M 
¥^*i£lt^XgtHIBmi , ffi2CDlElKSS^^JS^ 
eiz/K^^-fvyaffi^lfitt-Sxg^iiJtaL/cCt^i^ 

IStr'5^S£Ji«2 3 |ClBKcDLED»*r(DSSag:^J£o 
[0 0 7 2] (llffiSS4S2 5) : I5I5^HJ8f::®3a)Inl 
KgJ^ffl^JS^S* iftitA^oiiria n ^M4b!tel^*t*S-t 
IcSl <Z)[eIKSfiiffl^®^S*iai+"CS2<DLEDg5«* 
J^fiJc-r -5 X^ t SSIfBft ^-CKS 2 CDLEDgPW * 2 0 

o'^)si±"eT— — -/i^*^5xsi: $iiiinL-c^i»llSfi8afil 
Tt^VT^-f >ymS^l£it^xg$i&J!nL-Cfi)c4SISSffi» 
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2 4rziEacDLEDa«<;>a5t:^^o 

[00 73] immmm27) : pmmit^^m^mi: 

tzmizonmrni^omm^m^. mmmiimmtLxmm 
■r ^ <t <t =fc {zm^m^(Dj^mm t l x^m-r^ ::t^^ 

[O O 7 4] 

3) P^ffiltLr^^^^l^-S 0) -CLEDCT) ^it 

4) ^fe. d+LblZcfcor. glj^f^, t£*2 0<;)LED;b< 

5) ^fc. S3tSM^(Op^Sjb«5^»«:®$ffi^^5fe 

Lxi&m-r^tt^izjH^o. ^s^fi*ITf**L^A<^^^cS;^ 
:g3t(7>. mMm&^i'^it^mmtLx&mzmmt^^ 

[mi] ^^t&mz^^Gam^^mmz^-5i^xmjAL 
[^2] psssa^-r^mi LTS (Ag) n 

2 1 S^^Lfc^^^CDSl <DllJ6^jCDGaN5KLED2 0(D 
[03] LED2 O<D|Sfii::fP-feX$iK0^-r'5/i:i6a)Xg 

[0 4] 7-— ;KZ)aiS*5Se*r^fci6a>||SI$gs*^ 

[0 5] *f£0^C7>^2CD^Jfigt|C7)LED5 OCDgP55^g5f®0 
[0 7] **0J(O^2(O|ISfieg<7)6aNigLED$$iit-r'5fc 



i6l3g|3(75Xg(aiCXg3 8 1 <bXg3 8 2 t^j&lB-t 

ms} iz{tiSv:^\zmmLfzmm^QQrm0^m±mm 

[0 9] ISiS^COt^T. 'J&m^lOnmOmz^ii't^&^m 

[010] *^9JCD^ 4 (7)igSfie!lC0LED^ 3^ 1 0 0 <D 
»rB0Tffc^a 
[011] LED^-^:^1 O OSy^'V^— vlC7K>T^-f > 

f 5 ^111 s ij^e^-r ^ /= ibcD 0 T 3& *o 
[012] :$:^m(Dm4<Dmmm(0{JED'J'vy^ oob 

COSat t ^ (DUS <b * fc C tS 5 XS * X^ 0 T? & 

[013] jpmm<Dm2m0!Z-^i^iwtm^^fzit>pm 
may&iitm^mmtft<D}&Miztzi^Lx-:fuv htfe^^ 

[01 4] :$imm(r>m4ommmiz^^iED(Dm^^m 

1 4 1 i:^:eSE<OLED(;5^5taSl 4 2(D}<t}mmz^-r 

[015] :^mMa:>mA<Dmmmiz^^LED<DmmmE. 
1 5 1 itttssoLEDoi^iiaEEi 5 2(DX:t}mmz^-r 

[^^oiftB^] 

1 GaN^LED 

2 +»-:7T^TSffi 
3 

4 7§14ii4. 

5 p jl 5 . 

6 a0^pS®6 

6 a 7K>-x^>y^pmffi 

7 nmffi 

8 V 

8 a y-r • /^y K 

1 O ^^S.m<DQaHJ^LED'f' V y 

2 O *:f£0J(Dmi a)IIJ£Ctj(DGaNSLED 

2 1 is (Ag) m 

21a 7f<>7^Y>y^<^aSi^S® 
1 O O A, 1 O 0 B LED'f'vy 

1 o 1 mm cmi ®) 
1 o2 t^nm±m (m2®) 

1 0 3 lE]ffi}gjS!^^Sji cm 3^) 

1 O 3 A 

110 LED 

1 1 6 7t?>7^-<></mii 

1 1 8 

1 1 8 a 'J-K« 

118b i&m&±St^^^^/<>Zf 
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*5fi8¥l 1 -1 86 59 8 
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^^^103 118a 
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0 01 0,02 0.03 0.04 0.05 0. 06 
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